which is confirmed by observation, indicates th a t the calculations we have made are probably applicable to the hydrocarbon flames studied. The comparatively low temperature a t which the ignition point appears to lie, and the very short induction periods required are inconsistent with a purely thermal theory of flame propagation.
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Berthelot equation. The discrepancy was interpreted in terms of a partial dimeriza tion of the vapour, and quantitativev calculations based on this assumption gave a reasonable value for the heat of dimerization of acetaldehyde molecules by hydrogen bonding. A similar dimerization was subsequently proposed for ethyl chloride (Schafer & Foz Gazulla 1942) to account for the observed variation of thermal conductivity of the vapour with change of pressure. I t therefore seemed inter esting to make a series of measurements of the compressibilities of simple organic vapours, both polar and non-polar, in order to discover whether the Berthelot equation of state is generally applicable to non-polar vapours, and whether with polar vapours systematic deviations are found which may be interpreted in terms of dimerization due to dipole interaction or to hydrogen bonding.
E x p e r i m e n t a l

Method
Measurements were made in a simple 'Boyle's law apparatus' as described by Alexander & Lambert (1941) . Temperature was controlled by a constant-pressure vapour jacket and manostat described by Lambert & Clark (1927) . By using ethyl alcohol and chlorobenzene as vapour-bath liquids it was possible to obtain steady temperatures over the ranges 40 to 80 and 80 to 130° C. Temperature was measured by a thermometer graduated to 0*2° C suspended inside the vapour jacket. Pressure could be varied from zero to 1-5 atm., and was read by a cathetometer to 0-01 mm. Volume was measured in a 50 ml. burette graduated a t 0-1 ml. intervals which could bp read to 0*005 ml. using the cathetometer scale. The burette was calibrated by running out and weighing mercury with the burette set in the same position as in the complete apparatus. Burette and manometer limb were both of about 1*0 cm. internal diameter.
Second virial coefficients were obtained from the equation of state
by plotting pv against p and measuring the slope and the intercept p 0v0. Then
n = p0v J R T and B = (R T /p0v0) x (slope of pv[p plot).
The accuracy of the apparatus was checked by making measurements with nitrogen a t 50° C (the Boyle point). The maximum deviation of the value of pv from the mean was 0*09 % over pressures ranging from 200 to 600 mm. The accuracy of B depends on a number of variable factors affecting the accuracy with which the slope of the pv/p plot can be measured. The most im portant is the limitation of the range of pressures in which measurements are possible with the less volatile substances. The average expected error is of the order of ±'50ml./mol., falling to ± 20ml./mol. for the more volatile substances and rising to ± 100 ml./mol. for the less volatile. The possibility of errors due to adsorption on the walls of the burette in measure ments of this kind was investigated for a number of simple organic vapours by Drucker & Ullmann (1910) . They found th a t only with carboxylic acids was any correction necessary for adsorption. In the present series of experiments additional measurements with a quantity of glass-wool in the burette were made for benzene, ether, methyl alcohol and acetone. There was no measurable difference in the values of Bo btained with and without glass-wool, and it was assumed th at the effect of adsorption can be neglected.
Materials (a) Gaseous
Ethane was prepared by the electrolysis of potassium acetate solution (Klemenc 1938) . The gas was passed through towers of pumice soaked with potassium hydroxide solution, to remove carbon dioxide, and with oleum at 70° C, to remove ethylene, into a gas-holder in which it was stored over potash solution. I t was then passed through calcium chloride and phosphorus pentoxide tubes into a bulb where it was frozen with liquid air. I t was then fractionally distilled vacuo several times and stored in a glass vessel with a mercury sealed tap. Infra-red absorption measure ments showed less than 1 part in 8000 of ethylene.
(b) Liquid
All liquids were frozen by liquid air in a dry bulb sealed to the apparatus and thoroughly pumped out with a mercury-vapour pump to remove air. They were then distilled into a second bulb in vacuo (only the middle fraction being condensed) and again frozen and pumped out before use.
n-Hexane ('free from aromatic compounds') was shaken with concentrated sulphuric acid followed by alkali and water, dried over phosphorus pentoxide and distilled.
Cyclohexane was shaken with nitric and sulphuric acids to remove aromatic compounds, washed with water, dried over potassium hydroxide pellets followed by phosphorus pentoxide and fractionated twice. Melting-point of purified substance was 5*4° C.
Ethyl chloride ('General Anaesthetic') was squirted directly into a cooled bulb filled with dry air and sealed to the apparatus, and treated as described above. Two different samples gave concordant results.
Carbon tetrachloride ('puriss.') was shaken with alcoholic caustic soda, dried over calcium chloride and fractionated.
Chloroform was washed with distilled water, dried over calcium chloride and fractionated.
Diethyl ether ('A nalar') was dried over calcium chloride and fractionated. Benzene. A sample of very pure benzene which had been specially prepared for vapour-pressure measurements was kindly supplied by Dr D. H. Everett. This had been finally purified by fractional crystallization and stored over sodium wire.
Acetone ('Analar') was dried over potassium carbonate and fractionated. Methyl alcohol ('Analar') was dried by refluxing with bright magnesium ribbon and fractionated.
Acetonitrile was allowed to stand for 7 days over anhydrous sodium sulphate and for 2 days over phosphorus pentoxide. I t was then fractionated.
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The measured values of Bi n ml./mol. are shown plotted again figures 1 and 2. The results obtained for ethane are plotted together with veryaccurate measurements made a t lower temperatures by Eucken & Parts (1933 Results obtained for ethylene by Eucken & Parts are also shown on a separate graph. I t was impossible to make measurements with carbon tetrachloride at temperatures above 80° C, as the vapour attacked the mercury in the burette; the measurements a t lower temperatures may be unreliable for the same reason. All plots of against p from which the values of B were obtained were linear. A specimen plot for acetalde hyde was given by Alexander & Lambert (1941) ; the plots for less volatile compounds showed considerably greater scatter of points, but no definite curvature. Values of B calculated from critical data by the Berthelot equation are shown on all the graphs as a full line. Critical data were obtained from Landolt and Bornstein Tables, and B calculated'from the equation
The second viria l coefficients of organic vapours
T>
The values used for the various substances were as follows:
Ethane. Tc = 35-9° C, Pc = 48-8atm., B = 36*5 -2-09 n-Hexane. Tc = 234° C, Pc = 29-5 atm., B = 99-5-15-26 x lO7?7"2. Cyclohexane. Tc = 281° C, Pc = 40-6 atm., B = 78-8-14-52 x lO Benzene. Tc = 288-5° C, Pc = 47-7 atm., B = 67-9-12-85 x 107T -2. Ethylene. Tc = 9-7° C, Pc = 50-9 atm., B = 32-1-537 Ethyl chloride. Tc = 183° C, Pc = 54 atm., = 48-7 -6-075 x 107T -2. Chloroform. Tc = 262-5° C, Pc = 53-8 atm., = 57-4 -9-892 x 107! 7-2. Carbon tetrachloride. Tc -283-1° C, Pc = 44-98atm., B = Diethyl ether. Tc = 194-6° C, Pc = 36-7 atm., 73-5-9-645 x 10 Acetone. Tc = 235° C, Pc = 47 atm., B = 62-4 -9-66 x 1 Methyl alcohol. Tc = 240° C, Pc = 78-6 atm., 37-6 -5-945 x 107T~2. Acetonitrile. Tc = 274-7° C, Pc = 47-7 atm., B = 66-3 -11-93 x 107T~2.
The compounds fall clearly into two distinct classes: Class I. Substances where the measured value of B does not depart significantly from the value calculated by the Berthelot equation: ethane, ethylene, w-hexane, cyclohexane, benzene, diethyl ether, ethyl chloride, chloroform, carbon tetrachloride. In the case of the three halogen compounds the measured values of B all fie slightly above the calculated curve, but by an amount not significantly greater than the likely experimental error.
Class I I . Substances where the measured values of B are consistently very much higher (over 100 % a t the lower temperatures) than the calculated values: acetone, methyl alcohol, acetonitrile. Acetaldehyde (Alexander & Lambert 1941) behaved similarly.
D i s c u s s i o n
The nature of the interaction between molecules I t has been pointed out by Eucken (1931) th at the effects of attractive forces between molecules of a gas may be twofold in nature. In the first place there will always be an acceleration of molecules as they approach one another, giving rise to the lowering of the observed pressure which is expressed in the various equations of state. In the second place, if a triple collision occurs in which the third partner can take away the energy of approach, a ' double molecule ' of low stability may be formed. In the case of the fairly complex organic molecules here considered, each with several vibrational degrees of freedom, such a double molecule might be formed in a binary collision. Its stability will, of course, depend on the magnitude of the energy of attraction between the two molecules. Of the compounds whose second virial coefficients have been measured the more highly polar, which might be expected to show strong intermolecular attraction, all fall into class II (abnormally high value of B); the non-polar and less highly polar compounds fall into class I (Berthelot value of B). I t therefore seems reasonable to suppose th at a dimerization occurs with the molecules in class II, giving rise to the abnormally high second virial coefficient, while, for the substances in class I, the intermolecular forces are insufficient for the formation of a dimer, and only give rise to the general acceleration of molecules approaching one another.
Reversible dimerization in a vapour would be expected to cause an abnormal increase in thermal conductivity with rise of pressure. Such an increase was demonstrated by Schafer & Foz Gazulla (1942) for ethyl chloride. Preliminary measurements made in this laboratory by Mr S. D. Woods have shown th at for the vapour of diethyl ether a t 25° C there is no measurable change in thermal conduc tivity between 100 and 400 mm. pressure, while for the vapour of acetaldehyde there is a 2*5 % rise in thermal conductivity between these pressures (conf earlier measurements by Milverton (1935) on acetaldehyde). Mann & Dickins (1932) measured the thermal conductivity of ethane over a range of pressures and found no variation greater than could be attributed to convection under their experimental conditions. Professor Foz Gazulla (private communication) has recently made measurements with benzene vapour, which shows no measurable change in con ductivity with pressure, and with methyl alcohol, which shows a large increase. These results are in agreement with the view th at class II vapours, acetaldehyde, methyl alcohol, undergo reversible dimerization, while class I vapours, ethane, benzene, diethyl ether, do not. The one anomalous case is ethyl chloride which is discussed in detail later.
Validity of the Berthelot equation
The Berthelot equation appears to be valid for a variety of vapours over a large range of temperatures. The molecular model from which it was derived is recognized to be inadequate, which would suggest a much greater limitation in applicability of the equation than has actually been found. I t is therefore interesting to examine the reasons for its success on more fundamental theoretical grounds.
The problem of intermolecular forces for gases composed of spherical molecules has been treated by Lennard-Jones (1924) and is summarized by Fowler & Guggen heim (1939) . Er, the energy of interaction of two molecules separated by a distance r, may be represented by the equation
E r rVL r65
where v and [i are constants. The value of the second virial coefficient B may then be expressed by the following equations:
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where E0 is the maximum energy of interaction and occurs when = r0. d is the closest distance of approach for slow molecules and is given by the equation r0 = From these equations it follows that a plot of log ( -F(y)) against -2 logy can be superposed on a plot of log(-B )against log T. Corner (19487 ha equations of similar form may be applied to cylindrical molecules.
The critical temperature of a gas is a function of to a very rough approximation RTJ -E0 = 1*3 for several gases (Lennard-Jones & Devonshire 1937). The value chosen for y is thus a function of TJ T for the substance under consideration at a temperature T. From the point of view of intermolecular forces the more inter esting temperature region is above the critical temperature and few values of F(y) have been published for values of ym uch greater than 2, correspon The measurements described here extend over a lower range of temperatures giving T JT between 0-8 and 2-1. A fresh computation has therefore been made of F(y) over the range y = 1-1 to y -4-0. The expansion was summed to twenty term an accuracy of 1/1000. The resultant plot of log ( -F(y)) against -2 logy is shown in figure 3 . I t will be seen th at between the limits 2 log =0*3 and 2 logy =1*1, corresponding roughly to T JT = 0-6 and 4-0, the points fal straight line of slope -2. Since this curve is superposable on the plot of log ( -J3) against log T, the virial coefficient B should be approximately represented between these limits by an equation containing as its chief term an inverse second power of the temperature. The Berthelot equation, B = 2, fulfils this requirement, since, in the range of temperatures considered, and the values of the constants a and 6 calculated from the critical data seem to give a very fair empirical fit with measured values of B.
-1-4 -10 -0-6 -0-2 -2 log y
Figtjke 3. O Computed p o in t s .-----Slope of -2.
The above calculations would be expected to apply to substances where the attraction between molecules is due to London dispersion forces for which Er = -ra/r6. Since the Berthelot equation also applies with considerable accuracy to some polar molecules, e.g. diethyl ether (p = 1-15), it would appear th a t the equa tion, with constants obtained from the critical data, also gives an adequate repre sentation of the effects of dipole interaction, in so far as these are not sufficiently powerful to give rise to the formation of double molecules. The effect of this kind of ' general ' dipole interaction is probably small compared with th a t of the dispersion which shows the same dependence on r as the dispersion forces. I t is accordingly assumed in the following section of this discussion that, for those polar molecules where dimerization occurs, the whole of the effect of 'generalized' intermolecular attraction (as opposed to dimer formation) can be represented by the Berthelot equation. The effect of the dimerization is then regarded as superimposed on this. The experimental curves showing B against T (figures 1 and 2) all approach the Berthelot curve with rising temperature indicating th a t the dimerization becomes negligible before the critical temperature is reached. I t is thus reasonable to use the observed critical data for calculating the Berthelot constants, even for substances which undergo dimerization. Dimerization
The effect of dimerization on the observed second virial coefficient of a vapour has been elegantly treated by Schafer & Foz Gazulla (1942) . Consider one mol. of a gas A of which a small fraction a is associated to A 2:
mols. If the total pressure is p, then K _ P a _ 2p ( l -a ) 2
P P a 2 a ( l -£ < * )'
For small values of a, where 1 > a and terms in a 2 may be neglected,
The second viria l coefficients of organic vapours 121
The second virial coefficient of a vapour is defined by the equation
pv = n (R T + Bp).
If B is the second virial coefficient of the monomer A , the equation of state for a mixture of nx mols of A with a very small number n2 mols of A 2 may be written (to the first order of small quantities) figure 4 . The values for acetaldehyde (Alexander & Lambert 1941 ) have been re calculated over the whole temperature range by this improved method and are also plotted in the figure. The points for acetaldehyde and acetonitrile fall on straight lines whose slopes correspond to heats of dimerization A = -4600 cal./mol. for acetaldehyde, and AH = -5 2 0 0 cal./mol. for acetonitr acetone and methyl alcohol fall on curves whose slope increases with rise of tem perature. For methyl alcohol the apparent value of -AH varies between 3200 and 7300 cal./mol., and for acetone between 3200 and 8010 cal./mol.
2-7
2-9 3 1 methyl alcohol 2-7 2-9 31 acetonitrile 2-3 2-5 2-7 2-9 3 1 3-3 3-5 acetaldehyde The forces responsible for dimerization could be either dipole interaction or hydrogen bonding. The latter would be expected only with acetaldehyde and methyl alcohol, which could form dimers of structurê O-Hv CH3X , h /°\ cH3 CH3C f >C.CH3 and >0 \H--Cu ' ES
The accepted values for the bond energy of O-H ---0 range between 4500 and 8200 cal./mol. (Pauling 1940) , which is in fair agreement with the heat of formation of the methyl alcohol dimer. No value has been estimated for a C-H -O bond. The structure suggested above for the acetaldehyde dimer would correspond to a bond energy of 2300 cal./mol. per hydrogen bond. This compares reasonably with the values given (Pauling 1940) for C-H ---N (3300 to 4300cal./mol.) and for N-H ---N (1300cal./mol.). Dipole interaction can, of course, occur with all polar molecules. Values of the energy of dipole interaction have been calculated using the approximation formulae: A U --/t2/r3 for parallel pairs of dipoles, and A t/ = -2 for pairs of dipoles arranged end to end, where /i is the dipole moment and the closest distance of approach of the centres of the dipoles, r was obtained by taking the covalent and the van der Waals radii of atoms and the bond angles given by Pauling (1940) and estimating the nearest distance of approach of the molecular dipoles, regarding the molecules as combinations of rigid van der Waals radii. The results are given in table 1. The values of -A Ua re minimum values, since, if two molecules form owing to dipole attraction, they probably he closer together than the van der Waals radii would indicate. The calculated energies of dipole interaction are thus of the right order to account for the observed heats of dimerization of all four substances, acetaldehyde, acetonitrile, acetone and methyl alcohol. I t is to be expected th a t stable dimers will only be formed when This requirement is fulfilled for the above four substances, where the values of -A range between 2-8 and 8-3 under the conditions of experiment. I t is not fulfilled for diethyl ether and chloroform, where no evidence of dimerization was found, and for which -AU/RT ^0-9. Ethyl chloride, where -A lies betwe regarded as a borderline case, and may show a degree of dimerization sufficient to influence the thermal conductivity measurements, but not the less accurate virial coefficient measurements. I t is difficult to account for the apparent increase in heat of dimerization of methyl alcohol and acetone with rise of temperature, as contrasted with the constant heat of dimerization found with acetonitrile and acetaldehyde. Acetonitrile is a linear molecule and might be expected to behave like a rigid dipole. The other three molecules are non-linear, and it may be th at the increased intramolecular vibrations at higher temperatures enable the dipoles of methyl alcohol and acetone to come closer together in the initial collision. If, on the other hand, the dimerizations of acetaldehyde and methyl alcohol are due to hydrogen bond formation, both would be expected to show similar behaviour. I t may be th at formation of higher polymers occurs with methyl alcohol and acetone, which would invalidate the quantitative calculations. This would, however, be expected to give a curved pvjp plot, which was not in fact observed with these vapours.
Co n c l u s io n
The general conclusion is that the attractive forces between molecules of a vapour produce two distinct effects:
(1) A general acceleration of molecules as they approach one another, resulting in a diminution of the observed pressure. This occurs with all substances and can be quantitatively expressed for pressures up to one atmosphere and temperatures between 0-5 Tc and 1*2 Tc by a second virial coefficient calcul data by the Berthelot equation. This applies to both polar and non-polar molecules.
(2) A formation of double molecules held together by dipole interaction or by hydrogen bonds. This occurs only with polar substances where the energy of inter action between the molecules is larger than Its effect on the compressibility of the vapour is superimposed on th a t of 1.
I t has been shown by Foz Gazulla & Vidal (1947) th at published data for the com pressibilities of steam and of ammonia may be interpreted in terms of a similar dimerization and th at reasonable values for the heats of dimerization are found. An alternative treatm ent of these vapours was given by Stockmayer (1941) , who included the whole effect of dipole interaction in a calculation by Lennard-Jones's method. This gave a fairly successful fit with experimental values, but has the disadvantage of involving many rather arbitrary assumptions about the values of constants and the exact molecular diameter. Measurements of the thermal conductivity of steam (Milverton 1935) show a marked increase with rise of pressure, which is in accord with the view that dimerization occurs.
The structure and properties of the alloy Cu2MnIn The ferromagnetic Heusler alloy CuaMnAl has a body-centred cubic structure with an ordered arrangement of the atoms. Considerations of valency and atomic diameters suggested that if the aluminium were replaced by indium the superlattice would be more stable, and that a homogeneous alloy would be obtained if the indium content were slightly less than that required by the formula Cu2MnIn. An alloy of composition Cu2.057Mno.975Ino.9g5 was pre pared and was ferromagnetic in the as-cast state, and also after a variety of heat treatments. The intensities of magnetization were measured in field strengths between 7250 and 17,150 oersteds at temperatures between -183° C and the Curie point. X-ray powder photographs show that the indium alloy has the same structure as the aluminium Heusler alloy but with a larger lattice spacing. This increase in the size of the unit cell means an increase in the R/r value for the closest approach of manganese atoms from 2*84 in Cu2MnAl to 2*98 in Cu2MnIn, and corresponds with a fall in Curie point of 97° C. The two alloys are strictly analogous as regards structure and valencies, and the results suggest that in the indium alloy the critical value of 'R/r is being approached at which ferromagnetism will disappear. Reasons are given for supposing that the ferromagnetism is due to interaction between manganese atoms, in which case the Bohr magneton number per atom of manganese is approximately 4, and manganese behaves as a univalent element, in agreement with conclusions reached independently from the study of phase-boundaries in ternary Cu-Mn-Al alloys.
. I n t r o d u c t io n
The well known Heusler alloys have a composition given approximately by the formula Cu2MnAl. An alloy of this composition on slow cooling is non-magnetie and has a structure resembling th at of y-brass, whilst the ferromagnetic form ob tained by quenching has an ordered body-centred cubic lattice. The structure of the ferromagnetic alloy was deduced independently by Bradley & Rodgers (1936) and by Heusler (1934) and is shown in figure 1 . The unit cell contains eight of the small body-centred cubic cells, and there are four kinds of atomic position which may be denoted a, and d. In the ideal superlattice structure the manganese and aluminium atoms occupy positions d and b respectively, whilst the a and c positions are occupied by copper atoms. According to Heusler (1934) the quenched alloy is not perfectly ordered, and on ageing.at approximately 100° C the degree of order is increased, and the magnetic
